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Nomenclature Rules

M.H.KLIN', O.V.LEBEDEV, T.S.PIVINA, N.S.ZEFIROV

N.D.Zelinsky Institute of Organic Chemistry,
USSR Academy of Sciences,
Leninsky prospekt, 47, Moscow, 117913, USSR

The homologous series of structures built out of stacks of benzene rings
is considered. All non-isomorphic cycles of maximal length in corre-
sponding molecular graphs are enumerated. As a consequence of ob-
tained mathematical results the efficacy of IUPAC nomenclature rules
is discussed.

1 Introduction

The pioneering works of Cram and coworkers on synthesis of paracyclophanes’ has
originated great interest in synthetic design of stacking aromatic structures®-%.
The subject of the present paper is a graph theoretical study of a homologous
series of structures built of stacks of benzene rings connected with each other by
equally long polymethylene chains in meta-position (Figure 1). The compounds
corresponding to two initial members of this series have been synthesized®®.

Qur interest in this type of structures is motivated by the following reason. The
TUPAC nomenclature rules’ are not adequate for these bridge polycyclic com-
pounds with several aromatic cycles (below, this fact will be confirmed just for the
fourth member of the series). In fact, there exist several non-isomorphic cycles of
the maximum length in these cases, and the selection between them on the basis
of only the IUPAC rules becomes ambiguous (starting from the fourth member
of the family). Nevertheless the use of additional comments given in® (see also®)
makes it possible to elaborate the unique name.

*Author for correspondence



- 134 -

Our first attempts to solve this and related problems empirically’® have met some
difficulties. As a result, that initial approach had been transformed into an inter-
esting mathematical problem'!. The description of its solution and the application
of the solution to the producing of the IUPAC names are the main topics of this
paper.

2 The statement of the problem

In order to consider the homologous series of structures given in Figure 1, it is
convenient to represent them using planar graph diagrams. Such diagrams can be
obtained by projecting on a plane according to the rules of central direct linear
perspective!? : projection of the 3D-spatial models is performed along the axis
which connects the centres of all benzene rings of the pile. Such 2D-projections
for the first four members of the series are shown in Figure 2. The polymethylene
chains in these graphs (which are designated by dots, m denotes (CH,),,) later
will be replaced by edges. This contraction operation simplifies the understanding
of the problem without influencing the solution.

Figure 1. Spatial models of the first members of the considered series,

The main goal of the present paper is to solve the enumeration problem for cycles
of maximum length in the mentioned graphs. Proceeding from the diagrams given
in Figure 2, it is easy to give a set-theoretical description of the graphs under
consideration (we recommend' as a standard guide to graph theory). Thus we
shall consider the series of graphs which we shall name n—piles and designate by
the symbol P, . The graphs P, have 6n vertices, these vertices are situated in n
layers, numbered by 1,2,...,n (each layer corresponds to a benzene ring).
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Figure 2. Planar diagrams of graphs which correpsond to the models, depicted in
Figure 1.

The vertices of every layer are designated by a;, b, ¢;, d;, €;, fi, with the subscript
i denoting the number of the layer. As a result, the set of vertices V(F,) of the
graph P, can be written as:

V(Pn) = L“J L;, where L; = {al'sbi'lci:d-heivfi}'

=1

The vertices within each layer are connected by edges

{a,-, b‘-}, {bir Ci}: {C-'v d.}, {du Ei}s {e.-, fl'}v {fh a-'}!

forming a cycle of the length 6. There exist also three edges between every two
neighbouring layers, namely the edges {a;,a:+1}, {ci,cis1}, {€;, i1} for i odd and
edges {bi, b1}, {di,dis1}, {fi, fiy1} for i even. Edges connecting neighbouring lay-
ers will later be called crossings. There are 6n edges inside the layers and 3(n—1)
crossings in the graph P, : altogether the graph has 9n — 3 edges. The diagrams
of several graphs P, supplied with the numbering of vertices are shown in Figure
3a. We now raise the problem to describe all cycles of the maximum length in
graphs P, for n > 2.



e, v3,04,-1,4
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Figure 3. Planar diagrams of graphs with the numbering of vertices (a);one of
the hypohamiltonian cycles in graph P; and it’s code (b).

3 Enumeration of the cycles of maximum length
First consider several simple useful propositions.

3.1 Proposition The graph P, is bipartite.

Proof: Let us represent the set V(F,) as V(P,) = V' U V", where

V' = {ay,c1,e1,b2,dz, fr,03,63,03,...},
Ve = {blldhfllahb!sehbﬂsdﬁl.fﬂs'“}'

It follows from the description of the graph that any of its edges links a certain
















































